BACKGROUND: There is controversy regarding the benefits and risks of combined spinal-epidural compared with epidural analgesia (CSE, EPID) for labor analgesia. We hypothesized that CSE would result in fewer patient requests for top-up doses compared to EPID. METHODS: One-hundred ASA physical status I or II parous women at term in early labor (Ͻ5 cm cervical dilation) requesting analgesia were randomized in doubleblind fashion to the EPID group (epidural bupivacaine 2.5 mg/mL, 3 mL, followed by bupivacaine 1.25 mg/mL, 10 mL with fentanyl 50 g) or the CSE group (intrathecal bupivacaine 2.5 mg with fentanyl 25 g). Both groups received identical infusions of bupivacaine 0.625 mg/mL with fentanyl 2 g/mL at 12 mL/h. The primary outcome variable was the number of top-up doses requested to treat breakthrough pain. RESULTS: There was no significant difference between the two groups in the percentage of patients requesting top-up doses (44% CSE vs 51% EPID; 95% confidence interval of the difference Ϫ28% to ϩ14%) nor in the need for multiple top-up doses (14% CSE vs 15% EPID). Visual analog scale scores were lower in the CSE group compared to the EPID group at 10 min after initiation of analgesia [median 0 cm (0, 0) vs 4 cm (1, 6) respectively, P Ͻ 0.001] and at 30 min [0 cm (0, 0) vs 0 cm (0, 1), respectively, P ϭ 0.03]. CONCLUSIONS: We did not find a difference in the need for top-up doses in parous patients; however, CSE provided better analgesia in the first 30 min compared to EPID.
The combined spinal-epidural technique (CSE) is being increasingly used for labor analgesia. The CSE technique offers several potential advantages over standard epidural analgesia (EPID), including more rapid onset of analgesia and greater patient satisfaction. 1 One randomized, blinded, clinical trial reported that patients with CSE in relatively early labor underwent significantly more rapid cervical dilation than the women receiving EPID. 2 Other studies, however, have failed to reproduce these findings. 3, 4 A study of factors associated with breakthrough pain found that parturients who received CSE were less likely to experience recurrent breakthrough pain, 5 and a recent Cochrane report suggests that CSE is associated with a decreased need for rescue analgesia. 1 Whether CSE provides more effective labor analgesia with acceptable risk still remains controversial. A major question is whether CSE provides better analgesia throughout the entire course of labor. In an attempt to assess this issue, we conducted a nonrandomized, nonblinded, prospective study of 211 patients in whom analgesia was initiated using either an EPID or CSE technique at the discretion of the anesthesiologist, and found a large difference between the two techniques in the number of times a patient requested additional pain medication (top-up doses). Sixty percent of the patients in the EPID group needed top-up doses compared to 35% in the CSE group (P Ͻ 0.01, unpublished data). However, the results may have been biased since the CSE group had fewer nulliparous patients, greater cervical dilation at the time of analgesia and had a shorter time to delivery. We performed the current randomized, double-blind, prospective study in order to eliminate the possible selection bias in our prior study. We hypothesized that CSE would result in fewer patient requests for top-up doses compared to EPID in parous women in whom analgesia was initiated in early labor. consent was obtained from all subjects. Patients with 1 prior vaginal delivery who were at least 18 yr of age with a single gestation in vertex presentation at term (37-42 wk gestation), ASA physical status I or II, and were expected to have a vaginal delivery were eligible for enrollment. Only patients requesting neuraxial analgesia with cervical dilation Ͻ5 cm were eligible for participation in this study. Patients were excluded if they had a history of severe scoliosis, were taking other pain medications, had a Body Mass Index Ͼ45 kg/m 2 , or if they had any contraindication to neuraxial analgesia.
Patients were assigned to the EPID or CSE group by a computer-generated randomization table. Group assignments were placed in opaque envelopes, opened by the anesthesiologist performing the analgesic technique just before starting the procedure. The patients and nurses caring for the patients were blinded to the technique, as was the study coordinator assessing analgesic, side effect and outcome variables. The anesthesiologist initiating the analgesia was necessarily aware of the group assignment, but was not involved in the data collection for the study or the administration of top-up doses.
The CSE and EPID procedures followed a standard protocol. With the patient in the sitting position, the epidural space was identified at L3-4 or L4 -5 with a 17-gauge Tuohy needle using a loss-of-resistance to air or saline technique. Patients randomized to EPID analgesia had a 19-gauge, multiorifice epidural catheter inserted 4 -5 cm into the epidural space. A 3 mL test dose of bupivacaine 2.5 mg/mL was administered followed 5 min later by 10 mL of bupivacaine 1.25 mg/mL with fentanyl 50 g. Patients randomized to CSE had a 27-gauge Whitacre needle placed into the subarachnoid space through the Tuohy needle. After free flow of cerebrospinal fluid was ascertained, bupivacaine 2.5 mg and fentanyl 25 g was injected, and the spinal needle was withdrawn. The epidural catheter was inserted and advanced 4 -5 cm into the epidural space. All epidural catheters were aspirated for blood and cerebrospinal fluid at the time of placement. A continuous infusion of bupivacaine 0.625 mg/mL with fentanyl 2 g/mL at 12 mL/h was initiated within 15 min of administration of the spinal or epidural dose and maintained in both groups until delivery. After the epidural catheter was secured, all patients were placed in the supine position with left uterine displacement. A noninvasive arterial blood pressure cuff was placed on the upper extremity.
If the patient did not have satisfactory analgesia 15 min after the initial epidural dose or spinal dose, an additional 5 mL bupivacaine 2.5 mg/mL was administered via the epidural catheter. This extra dose was not considered a top-up dose. Women were excluded from further data collection if they continued to complain of pain 30 min after initiation of neuraxial analgesia. Women in whom epidural catheter replacement was necessary at any time because of analgesia failure were also excluded from data collection and analysis.
During labor, upon patient request and confirmation that the visual analog scale (VAS) pain score was more than 3 cm during the previous contraction (VAS: unmarked 10 cm line), additional epidural medication (top-up doses) were given according to a standard protocol. The first top-up dose consisted of 6 mL bupivacaine 12.5 mg and fentanyl 50 g. After 15 min, if the patient was still uncomfortable, an additional 5 mL bupivacaine 2.5 mg/mL was administered. This dose was not considered a second top-up dose. After another 15 min, if the patient still needed additional medication, she was given 5 mL lidocaine 20 mg/mL in order to help determine if the epidural catheter was functioning. If analgesia was not achieved after the 5 mL dose of lidocaine 20 mg/mL, the catheter was classified as a failure, and the patient was eliminated from analysis. Throughout labor, if study patients requested a second or third top-up dose, they were given 5 mL bupivacaine 2.5 mg/mL with or without fentanyl 50 g at the discretion of the anesthesiologist taking care of the patient.
A research coordinator who was blinded to group assignment assessed the patients and recorded the data. The primary outcome variable was the percentage of subjects in each group who received top-up doses. The time of initiation of analgesia (completion of the 10 mL initial epidural dose or intrathecal injection in the respective groups), the first top-up dose, additional top-up doses, full cervical dilation and delivery were recorded. Pain was assessed by VAS score. Patients were asked to mark their pain on an unmarked 10 cm line anchored at one end with "no pain" and at the other end with "worst pain imaginable" before EPID or CSE initiation, every 10 min after the initial injection for a total of 30 min, and every hour for the next 6 h. At each of these times, maternal arterial blood pressure and fetal heart rate were evaluated, and sensory level to ice was measured. Pruritus was assessed on a 4-point scale as none (0), mild (1), moderate (2) or severe (3) (requiring treatment). Motor block was measured on a 4-point scale as no weakness (0), difficulty with straight leg raise (1), no straight leg raise or knee extension (2), or weak at hip, knee and ankle (3). Similar assessments were made before and 10, 20, and 30 min after each top-up dose. Ephedrine and/or phenylephrine at the discretion of the anesthesiologist were used to treat maternal arterial blood pressure 20% lower than baseline.
Additional data obtained included maternal age, height, weight, gestational age, parity, use of oxytocin, cervical dilation at analgesia initiation (assessed within the last hour before request of analgesia), mode of delivery, and neonatal weight. One hour after delivery patients were asked to rate their analgesia during the first and second stages of labor as excellent, good, fair or poor. Women were also asked whether they would be willing to have the same technique performed during future deliveries.
The required sample size was estimated based on the data from our nonrandomized study in which parous patients had a 27% rate of top-up dose requests with CSE and 52% with EPID. We calculated our group sample size to be 50 for 80% power to detect such a difference at the P Ͻ 0.05 level. Data are expressed as percentages, mean Ϯ sd, or median with interquartile ranges. Statistical analysis was performed using Stata SE 8.0 for Macintosh (Stata Corp., College Station, TX). Demographics were analyzed with Student's t and 2 tests. The proportion of subjects in each group requiring top-up doses or noting side effects was compared by 2 test. Time data, sensory levels, and VAS scores were not normally distributed, so the nonparametric Mann-Whitney U-test was used. Kaplan-Meier analysis was performed to examine differences in time to delivery and time to first top-up dose. P Ͻ 0.05 was considered significant.
RESULTS
One-hundred patients were enrolled and randomized in this study, and our analysis contains 84 subjects. Nine patients were excluded due to protocol violations (five in the CSE group, four in the EPID group), two patients had missing data (one CSE, one EPID group), two spinal anesthetics resulted in only partial drug administration (all CSE group) and three epidural catheters failed (all EPID group). There were 43 patients who received CSE and 41 who received EPID.
There were no differences in patient characteristics (Table 1) or obstetric management and outcome (Table  2 ) between the groups. Nineteen (44%) patients in the CSE group compared to 21 (51%) in the EPID group required top-up doses, which was not statistically significantly different. The difference in the rate of top-ups is 7% (95% CI on the difference: Ϫ28% to ϩ14%). Six (14%) women in the CSE group versus 6 (15%) in the EPID group required more than 1 top-up dose (Fig. 1) . One patient in the CSE group and 2 patients in the EPID group needed an additional 5 mL bupivacaine 2.5 mg/mL 20 to 30 min after her first top-up dose and this was not considered a second top-up dose. There were four cesarean deliveries in the CSE group and five in the EPID group. None of the cesareans were performed in the first 5 h after study entry. All but 3 of the first top ups doses occurred within the first 5 h.
The median time from initiation of analgesia to patient request for the first top-up dose was 144 (129 -204) minutes in the CSE group and 160 (70 -239) minutes in the EPID group (P ϭ 0.69). There was no difference between the groups in the time from analgesia to full dilation [147 min (94 -234) CSE versus 133 min (85-232) EPID] or from analgesia to delivery [159 (110 -265) CSE versus 197 (119 -287)] (Fig. 2) . The patients who received CSE had lower VAS scores at both 10 min and 30 min after initiation of analgesia compared to women in the EPID group (Fig. 3) . Data presented as mean Ϯ SD or n (%) as indicated.
There are no significant differences between groups.
While baseline systolic blood pressures were similar, at 10 and 20 min after analgesia, patients in the CSE group had lower systolic blood pressure than those in the EPID group. More women in the CSE group had moderate or severe pruritus in the first 30 min after analgesia compared to the EPID group (Table 3) .
There were no differences between the groups in satisfaction ratings of pain relief in both the first and second stages of labor. Ninety-eight percent of patients stated that they would have the same procedure in the future.
DISCUSSION
In order to determine whether the CSE technique provides more effective labor analgesia than an EPID technique, we gathered data on physician-administered top-up doses, assuming that the lack of requests for top-up doses is indicative of analgesia quality. We decided to focus on parous women since few studies of labor analgesia have evaluated this patient group, and many clinicians choose CSE for parous women. We limited our study to women requesting neuraxial analgesia in early labor, because parous women requesting analgesia in the second stage of labor are most likely to deliver without requesting any top-up due to the rapid nature of their labor and delivery. Several studies have shown both faster onset of effective analgesia 1 and lower VAS scores in the first 15 to 20 min after CSE compared to EPID analgesia. 6, 7 Overall, our findings suggest that, while there is a significant difference between CSE and EPID analgesia during the first 30 min, the need for additional top-ups does not seem to be different throughout the entire course of labor and delivery when analgesia is maintained with a continuous EPID infusion. The median time from initiation of analgesia to delivery is 38 min less in women who received CSE compared to those who received EPID analgesia. Although this did not achieve statistical significance, our study was not powered to examine analgesia initiation-delivery intervals. Some studies have found a shorter analgesiadelivery interval in patients who receive CSE, 2 but other studies 3, 4, 8 and a meta-analysis 9 have concluded that there is no difference in labor progress between the two techniques. A large, randomized, clinical trial showed that patients given CSE analgesia at Ͻ4 cm dilation delivered faster than patients given systemic opioids followed by EPID analgesia at Ͼ4 cm dilation. 10 This is an area that requires further investigation.
CSE analgesia for labor has been associated with a higher incidence of hypotension and pruritus, 1, 6, 11 and our study confirms these findings. Despite these side effects, CSE is preferred over standard EPID analgesia by many anesthesiologists and parturients because it provides rapid onset of reliable, high-quality analgesia with better sacral spread and is especially useful when analgesia is initiated in the late first stage or second stage of labor.
The question of whether CSE is associated with a lower incidence of breakthrough pain and fewer top-up doses compared to EPID analgesia for labor remains controversial even though maternal satisfaction with CSE seems higher. 6 A prospective observational study of more than 1500 parturients found parturients with CSE compared to EPID analgesia had fewer top-up dose requests; however, the CSE group had a larger proportion of parous patients in advanced labor. 11 In a randomized trial of 50 parturients, Hepner et al. 7 found that the anesthesiologist was called to perform fewer interventions in the CSE compared to EPID analgesia group. A randomized controlled trial of 250 laboring women found no difference in the number of top-up doses requested by patients in the CSE group compared to the EPID group, but these investigators performed the dural puncture without administering medication intrathecally. 12 Finally, a large (almost 20,000 parturients) retrospective study reported that the rate of catheter replacement and failure of anesthesia for cesarean delivery was lower in women who received CSE compared to EPID labor analgesia. 13 The possible effect of a dural hole on the transdural movement of epidurally administered drug has been an area of interest since the use of the CSE technique for anesthesia and analgesia has become widespread. The factors that seem to promote drug transfer intrathecally include larger dural holes, 14, 15 higher epidural pressure (as occurs with bolus injection), 16, 17 and perhaps shorter time from dural puncture. 18 The time to first top-up dose request in our patients was approximately 2 h. It is possible that this interval is too long to observe the salutary effects of dural puncture on drug transfer across the dura.
A limitation of our study conclusions is that the initial dose of spinal and epidural drugs used in this study may not have been equipotent and of equal duration of action. Previous studies have shown the ED 50 (50% effective dose) for epidural bupivacaine with fentanyl 60 g is 6.8 mg 19 and the ED 50 for intrathecal bupivacaine with fentanyl 25 g is 0.85 mg. 20 If these are relevant to the current study, we used approximately three times the ED 50 for both groups. The fact that we did not observe a difference in the time to first top-up dose request between the groups suggests that the duration of the spinal and epidural initial doses are not significantly different. Studies to establish the equipotent doses of spinal and EPID for labor are critical to further understanding any differences between the two techniques.
A further limitation to our study is that it is under-powered. We originally based our sample size analysis on unpublished data from our institution which showed a difference of 25% in the incidence of top-up doses between the CSE and EPID groups. If the real difference is smaller, we needed to have studied more patients to demonstrate a difference between groups. In addition, although we enrolled 100 patients, we only had complete data for 84. Both of these factors may contribute to our not finding a difference when one exists. However, this study does suggest that any difference that exists in terms of top-up dose requests is probably clinically insignificant.
Another limitation to our study is that it may not have been truly blinded. The nurses caring for the patients may have guessed which technique was administered based on the onset of analgesia as well as the presence of side effects. While we did our best to keep the patient blinded and the study coordinator who gathered the data was not present in the room until the procedure was completed, it may be impossible to complete a study of this nature with perfect blinding to different techniques.
While we intended to assess our patient's pain scores at regular intervals during their labor and at each request for top-up doses, we were not able to consistently obtain all of this information throughout the study period. Optimally, pain score data collection would have been complete so that a comparison of analgesia between the two groups could have been made. However, we could not reach any conclusions based on the data that we did collect since we were missing many data points.
Finally, it is possible that top-up dose requests may not be a valid surrogate marker for quality of analgesia. Future studies could use patient-controlled EPID in addition to physician requests for top-up doses in order to further assess differences between CSE and EPID analgesia. Top-up doses are used as a surrogate for breakthrough pain or adequacy of analgesia in almost all studies, especially those involving patientcontrolled analgesia. It is also possible that the relatively short time period between analgesia and delivery in these parous patients may have contributed to the lack of difference between the groups. The use of nulliparous patients in future studies would lengthen the study time period.
Breakthrough pain is just one measure of analgesia quality. Another measure of quality is the incidence of failed analgesia or whether an epidural catheter needs to be replaced. It is possible that fewer epidural catheters placed with a CSE technique need replacement compared to an EPID technique. Our study was not designed to answer this question. There are many risks and benefits of both CSE and EPID labor analgesia and, when choosing a technique, all of these factors must be considered.
In summary, we did not find a difference between CSE and EPID analgesia in the number of top-up doses requested by parous patients in labor. We were able to confirm better analgesia for the first 30 min after CSE but also more hypotension and pruritus. Because there are both advantages and disadvantages to the CSE technique, its use should be individualized for each unique clinical situation.
